A deoxyribonuclease activity with specificity towards single-stranded DNA has been purified approximately four hundred-fold from KB cells, by chromatography on DEAE-cellulose, phosphocellulose and hydroxylapatite. The last step of the purification results in separation of the enzyme from a DNase activity which has been described previously (Wang, E.C., Furth, J.J. and Rose, J.A. , (1978) Biochemistry 17: 544-549). The properties of the new DNase activity are significantly different from those of the enzymes which have previously been identified in these cells. The activity sediments at approximately 7.5S in a glycerol gradient. The DNase activity is optimal at pHs between 6.0 and 6.5. It cleaves DNA endonucleolytically and hydrolyzes single-stranded DNA at about 11 times the rate of double-stranded DNA and at twice the rate of Poly (dA). The activity is moderately sensitive to inhibition by N-ethylmaleimide and is inhibited 80% by 50 mM NaCl. It is stimulated twenty-fold by Mn" 1
INTRODUCTION
Deoxyribonucleases are hydrolytic. enzymes which appear to be ubiquitous in biological systems (1) . They display a wide variety of enzymatic properties, substrate specificities and modes of hydrolysis. They are clearly involved in a number of cellular functions; however, the definitive demonstration of the role(s) of specific DNases has proven to be a difficult task (2) . Nevertheless, over the past few years several DNases have been shown to be involved in the processes of DNA replication, genetic recombination, DNA repair, and restriction of foreign DNA in procaryotic systems (3) (4) (5) . Due to the lack of appropriate mutants, the function(s) of DNases in higher cells have not yet been demonstrated. It is nevertheless reasonable to suppose that these enzymes play correspondingly important roles in'higher cells. For this reason it is important to characterize the types of DNase activities which are present in a eucaryotic cell. KB cells, a permanent line of human cells derived from a nasopharyngeal carcinoma (6) , have been utilized in many studies on cellular and viral DNA metabolism. There have been several reports of the isolation of DNases from these cells (7) (8) (9) (10) (11) . During the course of studies on the effect on adenovirus infection on the level of cellular DNase (12) we discovered an activity which had not been previously described. In this communication we describe the properties of this new DNase activity.
EXPERIMENTAL PROCEDURES
Materials -^H-adenovirus DNA was purchased from Bethesda Research Laboratories. Single-stranded DNA was prepared by alkaline denaturation of native DNA. and enzyme diluted in 10 mM Trls-HCl buffer (pH 7.5) containing 1 mM mercaptoethanol and 0.5 mg/ml bovine serum albumin. After incubation for 30 min. at 37°C, 0.2 ml of salmon sperm DNA (2.5 mg/ml) and 0.5 ml of 10% trichloroacetic acid were added. After centrifugation at 10,000 x g for 10 min., 0.5 ml of the supernatant fluid was removed and the radioactivity determined in a scintillation vial containing 4 ml of ACS scintillation fluid (Amersham). One unit of enzyme is defined as the amount catalyzing the conversion of 1 nmole of DNA-nucleotide to an acid-soluble form in 30 min. at 37°C.
RESULTS

Purification
All procedures were carried out at 0°-4°C. A summary of a typical purification is given in Table I . The increase in total activity which occurs during the course of the purification is most likely due to removal of the DNase inhibitor protein which we have previously described (14) . Hydroxylapatite Chromatography -A column of hydroxylapatite (1.0 cm x 10 cm) was washed with 20 column volumes of 10 mM potassium phosphate buffer (pH 7.6). Fraction IV (7 mg of protein) was loaded on the column, which was then washed with 2 column volumes of 10 mM potassium phosphate buffer (pH 7.6) containing 10 mM mercaptoethanol and 10% glycerol. The proteins were eluted with a continuous gradient of 10 mM to 300 mM potassium phosphate buffer (pH 7.6) containing 10 mM mercaptoethanol and 10% glycerol, and the fractions collected were assayed for DNase activity ( (10), so it does not contribute to the activity seen in Figure 1 .
Fraction V is not significantly contaminated with this enzyme since the former has no activity at pH 8.5 in the presence of Mg++.
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-40 " JO j Fig. 1 . Hydroxylapatite chromatography of DNase. Details of the chromatography are described in the text. Aliquots (10 ul) of the fractions were assayed for DNase activity under standard conditions, as described under Experimental Procedures. Phosphate concentration was determined by measurement of refractive index. Protein concentration was determined by the method of Lowry £t al (13) .
Properties of the DNase activity
Stability -Fraction V DNase activity was rather unstable; loss of 50% of the activity occurred within two weeks at 0°C. Dialysis or dilution of Fraction V resulted in immediate loss of most of the activity.
Sedimentation Analysis -Sedimentation analysis of Fraction V in a 10-30% glycerol gradient yielded a single broad peak of DNase activity, sedimenting at approximately 7.5S relative to a bovine serum albumin marker. (Fig. 2) pH Optimum -Optimal DNase activity is obtained at pHs between 6.0 and 6.5, with very little activity at more acid or alkaline pHs. This is in sharp contrast to the pH profile of the DNase activity which elutes from hydroxylapatite at 0.14 M phosphate (see above), which shows very little activity at pHs 6.0 to 6.5.
Requirements for Activity -In the absence of a divalent cation only 5% of maximal activity is obtained. Maximal activity is obtained in the presence of Mn++, at approximately 0.7 mM (Fig. 3) . A profile of enzyme activity in the presence of Mg-H- (Fig. 3) indicates that Mg-H-can substitute for Mn++, but with a resulting relative optimal activity of only 30%. Addition of Ca-H-does not increase the level of activity above that obtained in the absence of a divalent cation (Table II) .
Other properties of the DNase activity are shown in Table II . Omission of mercaptoethanol from the reaction results in only a 13% decrease in enzyme Fig. 2 . Sedimentation analysis of DNase activity in a glycerol gradient. Fraction V (0.5 unit) was layered on a 10-30% glycerol gradient containing 10 mM Tris-HCl buffer (pH 8) and 10 mM mercaptoethanol. After centrifugation for 16 h at 38,000 rpm in the Beckman SW50.1 rotor, fractions were collected (total 29) and 50 ul aliquots were assayed for DNase activity as described under Experimental Procedures. The arrow indicates the position to which bovine serum albumin sedimented in a parallel gradient, as determined by measurement of optical density at 260 nm. Direction of sedimentation is from right to left. From a parallel reaction it was determined that 1% of the substrate had been made acid soluble in the reaction. The results (Fig. 5) showed that significant breakage of the DNA occurred even though only 1% of the DNA had been made acidsoluble. Since exonucleolytic hydrolysis of the DNA to 1% acid soluble would not produce a significant change in the sedimentation rate, it is clear that the enzyme is cleaving the DNA endonucleolytically.
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INCUBATION TIME, min Fig. 4 . Hydrolysis of single-stranded and double-stranded DNA. The reaction mixture (2.4 ml) was as described under Experimental Procedures except that it contained 6.4 nmoles of either native or denatured ^H-adenovirus DNA, which Is twice the standard concentration. Fraction V (0.13 units) was added, and the reaction mixture was incubated at 37°C. At the indicated times 0.3 ml aliquots were removed and acid soluble nucleotide was determined as described under Experimental Procedures. The best fit lines were determined by least-squares analysis of the data. (0) single-stranded DNA; ( §) doublestranded DNA. Table III , and assigned them arbitrary designations. KB DNase o has maximal activity at acid pH and is active on native DNA (7, 8, 15) . It has not been reported whether the enzyme has activity on denatured DNA. The presence of a DNase with activity on native DNA at neutral pH was also reported, but the activity was not characterized further (7) . This enzyme may have been identical to KB DNase & which was subsequently described by Tsuruo et^ ^ (9) . This enzyme shows maximal activity at alkaline pH, and has a clear preference for native DNA (9) . Two activities have been described which clearly prefer single-stranded to double-stranded DNA (10, 11) . They have been referred to as KB^ and KB2 (10,11); we have designated them DNase y and 6 respectively.
The DNase activity which is the subject of this communication (which we designate DNase e ) is clearly distinct from these enzymes in both physical and enzymatic properties (Table III) . DNase e activity sediments at a rate which is significantly greater than the other enzymes. In addition to the obvious, striking differences in pH optimum and divalent cation preferences, DNase e also differs in that it prefers denatured DNA over poly(dA), in contrast to DNases y and 6 which both hydrolyze poly(dA) more rapidly than denatured DNA (11, 15) .
It is not clear whether the DNase e preparation contains only a single
DNase. There are two aspects to this uncertainty. First, it is not clear whethe or not the hydrolytic activity towards double-stranded DNA which is present in th preparation (see Fig. 4 ) is due to the same enzyme as the hydrolytic activity towards single-stranded DNA. Second, the rather broad peak of DNase e activity which is obtained following sedimentation in a glycerol gradient (Fig. 2) , as well as the incomplete inhibition of the activity by N-ethylmaleimide (Table II) raise the possibility that there is more than one enzyme contributing to the DNase e activity. Because of the instability of the DNase activity (see Results) we have been unable as yet to resolve these uncertainties.
